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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power source system for 
a plasma process device which does not necessitate extra 
complicated work to match, is easy to handle, reduces matching 
time, uniforms plasma and improves uniformity and reproducibility 
of thickness of film generated. 

SOLUTION: In a plasma process device equipped with a plurality of 
U-shaped electrodes having an end for power supply and the other 
end for earth potential, output of a plasma generating power supply 
for VHF band is distributed and supplied to a plurality of power 
supply ends of U-shaped electrodes using a distributor from a 
power supply. Impedance matching with loading plasma can be 
abbreviated by a matching equipment or the like supplying 
distributed output through an isolator, and also, phases can be 
controlled by a phase shifter. 
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* NOTICES * 




jrpo and NCI PI aire not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2 .***♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The power-source system for plasma treatment equipments characterized by distributing and 
supplying the output of the power source for plasma generating of a VHF band to the electric supply edge of 
two or more of said electrodes using a distributor in plasma treatment equipment equipped with two or more U 
character mold electrodes whose ends are electric supply edges, and whose other ends are touch-down potential 
from one power source. 

[Claim 2] The power-source system for plasma treatment equipments according to claim 1 characterized by 
linking the output of the distributed power source for plasma generating with the electric supply edge of two or 
more of said electrodes directly through an isolator, respectively. 

[Claim 3] The power-source system for plasma treatment equipments according to claim 2 characterized by 
enabling adjustment of the phase of the output supplied to other electrodes on the basis of the phase of the 
output supplied to one electrode among the outputs of the distributed power source for plasma generating 
respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In the semiconductor device production process, plasma treatment processes, such as a 
plasma-CVD method, are applied widely. This invention relates to the power-source system for plasma 
treatment equipments suitable for such a plasma treatment process. 
[0002] 

[Description of the Prior Art] In the field of semiconductor device manufacture, it is in the inclination of large- 
area-izing of a device, and high integration, and the plasma generating technique of high density and the 
diameter of size ** is demanded under the low voltage force as a source of the plasma used for it in recent 
years. 

[0003] For example, with the plasma-CVD equipment which forms the amorphous silicon thin film used for a 
solar battery, a thin film transistor, etc., in order to realize plasma discharge of a large area, this invention 
persons proposed the method which prepares two or more U character mold electrodes in a vacuum housing 
previously (application for patent 2000 1 056584). the plasma-treatment equipment of an internal electrode 
method equipped with the electrode of the inductive-coupling mold with which this plasma-CVD equipment 
has been arranged in a vacuum housing — it is — an electrode — a line — it has the gestalt of the U character 
mold which turned up the conductor in that center section and was formed, a RF supplies to the edge of this 
electrode and discharge makes around an electrode so that the standing wave of the half-wave length may stand 
on the part which that electrode turned up and was formed, and it is constituted so that the plasma may generate. 

[0004] In this case, the frequency of the RF supplied to an electrode is decided by relation with the die length of 
the U character mold electrode concerned, and in **, in order to generate ** and the uniform plasma, the RF of 
a VHF band 60MHz or more higher than the usual RF (for example, 13.56MHz) used from the former is 
adopted. 

[0005] As shown in drawing 5 , in order to supply the output of RF generator 1 to each of the electric supply 
edge 6 of two or more U character mold electrodes with which the plasma production room 7 was equipped as a 
current supply system in this plasma-CVD equipment, the combination of the RF generator 1 and the 
adjustment machine 3 of the number of an electrode and the same number is usually arranged. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since only the number of the electrodes which the set of 
an RF generator and an adjustment machine uses is needed in the above-mentioned current supply system, it is 
very expensive in ** cost. ** In order to arrange the set of many RF generators and an adjustment machine, a 
large tooth space is required. Since it is usually desirable about especially an adjustment machine to arrange [ of 
an electric supply edge ] to near as much as possible, the configuration around a plasma production room 
becomes complicated. ** Control becomes complicated on operation of equipment. ** There is a problem of** 
that the maintenance of equipment is serious. 

[0007] Moreover, since the number of RF generators increases and it cannot arrange near the electric supply 
edge, and it becomes the configuration that the distance from each RF generator to an electric supply edge 
became independent and the electrical-potential-difference phase of the high frequency impressed to a U 
character each mold electrode becomes scatteringly, the stability of ** plasma and homogeneity worsen. ** 
Also produce problems, like distribution of the thickness of the formed thin film worsens. 
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[0008] This invention sol^^he above-mentioned trouble, the compli^^l time and effort which takes 
adjustment is not required, but handling is easy, and adjustment time amount is shortened, and it aims at the 
plasma offering the power-source system for plasma treatment equipments which becomes homogeneity and 
can aim at improvement in the homogeneity of the thickness to generate, and repeatability. 
[0009] Especially this invention aims at offering the suitable power-source system for the plasma treatment 
equipment of the method which prepares two or more U character mold electrodes proposed at said this 
invention persons 1 point. 
[0010] 

[Means for Solving the Problem] This invention for attaining the above-mentioned purpose is a power-source 
system for plasma treatment equipments characterized by distributing and supplying the output of the power 
source for plasma generating of a VHF band to the electric supply edge of two or more of said electrodes using 
a distributor from one power source in plasma treatment equipment equipped with two or more U character 
mold electrodes whose ends are electric supply edges and whose other ends are touch-down potential. 
[001 1] In the power-source system for plasma treatment equipments by above-mentioned this invention, it is 
combinable with the electric supply edge of two or more electrodes of a direct plasma production room through 
an isolator instead of an adjustment machine etc. performing impedance matching with the load plasma, after a 
distributor distributes the output of a VHF band RF generator to plurality. 

[0012] Moreover, in this invention, adjustment of the phase of the output supplied to other electrodes on the 
basis of the phase of the output supplied to one electrode among the outputs of said distributed power source for 
plasma generating can be enabled respectively. That is, supervising the situation of plasma generating of the 
phase of the electrical potential difference concerning the electrode of the plasma production interior of a room, 
or the formed thickness distribution, an adjustable setup can be carried out at arbitration so that it may be in the 
optimal condition. 

[0013] In plasma treatment equipment equipped with two or more U character mold electrodes whose ends 
synthesize the above and are electric supply edges and whose other ends are touch-down potential according to 
this invention From one power source, using a distributor, distribute the output of the power source for plasma 
generating of a VHF band to said two or more electrodes, and it is supplied. The output of the distributed power 
source for plasma generating is directly linked with the electric supply edge of two or more of said electrodes 
through an isolator, respectively. Furthermore, it is based on the phase of the output which inserts a phase 
shifter, for example between a distributor and each isolator, and is supplied to one electrode among the outputs 
of the distributed power source for plasma generating. The power-source system for plasma treatment 
equipments characterized by enabling respectively adjustment of the phase of the output supplied to other 
electrodes is offered. 
[0014] 

[Embodiment of the Invention] Below, the gestalt of operation of the power-source system for plasma treatment 
equipments by this invention is explained using a drawing. Drawing 1 is one example of the schematic diagram 
of the power-source system by this invention which distributed the output of one RF generator to five U 
character mold electrodes using the distributor. In drawing 1 , 1 is an RF generator. In this example of 
illustration, in order to find the optimal frequency with the configuration of an electrode, the frequency was 
made into the adjustable method and set to 85MHz** 10MHz. An output is 3kW. 

[0015] 2 is a distributor and is a system which distributes equally the RF output generated with the power 
source 1 for plasma generating to two or more electrodes 6 in the plasma production room 7 (output terminal). 
Although the example of illustration showed the example distributed to five electrodes, for example, there is an 
example distributed to 16 electrodes. [ still ] In this invention, the distributor by the quarter- wave length having- 
consistency method of a coaxial tube was adopted in consideration of the cost-thing. 3 is an adjustment machine 
and is the same as the adjustment machine in the case of using by the power-source system equipped with two 
or more power sources of the method shown in drawing 5 . 

[0016] It is that the VSWR property of that there is little deflection of the rate of ** partition ratio, that there are 
few ** insertion losses, a thing with little (the isolation between output terminals is large) interference during 
** output, and ** input terminal is good as a function demanded as a distributor used for a RF circuit, that ** 
configuration is small, etc. 

[0017] As a method of a distributor, there are a resistance distributor, T junction, a hybrid distributor, a 
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Wilkinson mold distributive. There is a distributor using only the r^^or as easiest approach. Although there 
is an advantage that this is easy to design, and can carry out [ broadband ]-izing of it, and its magnitude also 
settles with magnitude extent of a resistor, there is a fault of not satisfying the property of above ** and **. That 
is, an insertion loss is large, and since there is a trouble with a VHF band that isolation between output 
terminals cannot be taken, that the frequency characteristics of a resistor are not still better, etc., it is seldom 
used in the RF circuit of an actual VHF band. 

[001 8] As two distributors, a hybrid circuit (distributor) is used well. It is the features that this can take the 
isolation between output terminals. The directional coupler and output whose phase contrast of an output is 90 
degrees have Rat Race of an inphase etc. in a hybrid circuit, as the structure which constitutes these — a UHF 
band — distributed constant tracks (quarter-wave length etc.) — moreover, the toroidal core of a ferrite etc. is 
used with the VHF band. Although there is also the approach of making multistage connection of the two 
distributors as a method of a distributor, it is a difficulty that a configuration becomes large. 
[0019] Although a Wilkinson mold distributor is the distributing system which was suitable when there were 
many distribution numbers, in order to take the isolation between output terminals, the resistance for isolation is 
needed between branch line ways. The method used by this invention is not a Wilkinson mold but a T junction 
method. Although a T junction method is easy structure since it carries out equipartition of the output terminal 
suddenly, the isolation between output terminals cannot be taken. However, it is because the isolation between 
output terminals can be taken when an isolator and a circulator are in a load side, so it is convenient using T 
junction. 

[0020] The conceptual diagram of this distributor is shown in drawing 2 . Drawing 2 is what showed the 
example of the distributor which used the quarter-wave line, and, as for 8, as for a quarter- wave line and 10, the 
input terminal of a distributor and 9 are the output terminals of a distributor (the case where the number of 
output terminals is five is illustrated). Setting load impedance to Rl, W, then its input impedance are the 
characteristic impedance of a quarter-wave line 9 Rl /W2 It is expressed. That is, a quarter- wave line has an 
impedance reversal operation. 

[0021] Therefore, the number of output terminals is set to N, and Rl, then characteristic-impedance W of a 
quarter-wave line choose source impedance with Rg, and should just choose load impedance with root (Rg- 
Rl/N). In a multistage case, a quarter- wave line may be further established in that input side in fact due to the 
ease of realizing of characteristic-impedance W of this quarter-wave line. 

[0022] When a coaxial track is used as a quarter-wave line, the adjustment for taking adjustment, since it is 
decided by the mechanical dimension so to speak when it is decided by the ratio with the bore of a conductor 
outside among the coaxial tube that the characteristic-impedance W will be the outer diameter of a conductor 
becomes unnecessary, and is very easy. If one frequency is sufficient as an operating frequency like [ in usual ], 
one step is sufficient as the number of stages of the quarter-wave length of this transmission line, but when 
85**10MHz and a band have a large frequency, in order to improve frequency characteristics, the quarter- wave 
line was made into two steps, and adjustment is taken. 

[0023] Drawing 3 is a schematic diagram at the time of supplying the output of the RF generator distributed to 
five to the electric supply edge of the electrode of a direct plasma production room through an isolator 4 as one 
example of the power-source system by this invention, respectively with the distributor of drawing 1 . If an 
isolator 4 is used instead of the adjustment machine 3 of drawing 1 , by fluctuation of the load plasma, the time 
and effort which it omits an adjustment machine since the output of an RF generator can prevent the problem 
that actuation of plasma treatment becomes unstable, in response to effect, and takes adjustment will be saved, 
and time amount compaction will be achieved. Moreover, since there is no power loss in an adjustment 
machine, a power outlet will be efficiently supplied to an electrode. 

[0024] Drawing 4 is the power-source system tree which carried out additional insertion of the phase shifter 5 
further between the distributor 2 and the isolator 4 in the power-source system shown in drawing 3 as one 
example of the power-source system by this invention. In the power-source system of drawing 4 , since the 
phase of the output supplied to other electrodes on the basis of the phase of the output supplied to one electrode 
can be adjusted in the output of the distributed power source for plasma generating using a phase shifter 5, 
respectively and generating of the plasma becomes homogeneity, the homogeneity of thickness and 
repeatability which are processed can be raised. 
[0025] 
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[Effect of the Invention] ^feling became easy while need cost decre^K compared with the conventional 
method which has arranged many power sources in the power-source system for plasma treatment equipments 
by distributing the output of a VHF band RF generator to plurality using a distributor from one power source 
according to this invention, as explained above. 

[0026] Moreover, since plasma treatment is possible regardless of the time amount taken to have omitted 
adjustment equipment, to have lost the complicated time and effort which will take adjustment if the power- 
source system which supplies the output of an RF generator to a direct electrode through an isolator is taken, 
and to be able to take adjustment, time amount is shortened, and since the amount of power loss within an 
adjustment machine is not further, the output of an RF generator comes to be efficiently supplied in the plasma. 
[0027] If the power-source system which furthermore inserts a phase shifter etc. between a distributor and an 
isolator is taken, it will become possible to become homogeneity and to raise the homogeneity of thickness and 
repeatability by which plasma treatment is carried out of generating of the plasma by having enabled it to 
control the phase of the RF supplied to each electrode. 

[0028] Especially this invention does very remarkable effectiveness so by applying to the plasma treatment 
equipment of the method with which this invention persons prepare two or more U character mold electrodes 
invented previously. 

[Translation done.] 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide novel antenna structure 
and power supply method for causing generation of a standing wave 
to substantially disappear, to provide a discharge device having 
high plasma evenness, a plasma treatment method of a large- 
surface substrate and a solar cell having high productivity. 
SOLUTION: A plurality of U-shaped antenna elements, both ends 
of which are used as a power supply end and an earth end, 
respectively, are arranged with equal intervals on a plane in such a 
manner that the earth end and the power supply end alternate to 
construct an array antenna, a phase is changed 180° in order from 
the end of the power supply end to supply AC power of the same 
frequency at a time, the length of a linear conductor is determined 
at the frequency of 10 MHz-2 GHz in such a manner that the ratio 
of a reflected wave measured at the power supply end to a 
progressive wave measured at the power supply end is 0.1 or lower 
When a is regarded as a subtrahend constant, the length La (m) of 
the linear conductor is controlled to 0.5(1/a)<La<10(1/a). 
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* NOTICES * 




JPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lot of the edge which adjoins each other among edges is combined electrically, the shape of first 
[ with two equal die length ], and second straight line ~ a conductor — parallel — arranging -- the shape of said 
first and second straight line — a conductor — the shape of first straight line — the end of the side with which a 
conductor is not combined — a touch-down edge — carrying out — the shape of second straight line — the 
antenna element which used the end of the side with which a conductor is not combined as the electric power 
supply edge which can apply alternating current power two or more the shape of a straight line of each antenna 
element — so that a conductor may become parallel and a touch-down edge and an electric power supply edge 
may serve as alternation In the discharge device which arranges at equal intervals on the first [ in a vacuum ] 
flat surface, constitutes array antennas, supplies alternating current power to these array antennas, and forms the 
discharge plasma into a vacuum That of an electric power supply edge changes 1 80 degrees of phases at a time 
in direct order, and it is characterized [ first ] by supplying electric power in the alternating current power of the 
same frequency all at once, it is characterized [ second ] by setting this frequency to 10MHz - 2GHz, and 0.1 or 
less are the ratio of the reflected wave to the progressive wave measured at an electric power supply edge — as - 
- the shape of a straight line — the discharge device characterized [ third ] by defining the die length of a 
conductor. 

[Claim 2] The lot of the edge which adjoins each other among edges is combined electrically, the shape of first 
[ with two equal die length ], and second straight line — a conductor ~ parallel — arranging — the shape of said 
first and second straight line — a conductor — the shape of first straight line — the end of the side with which a 
conductor is not combined — a touch-down edge — carrying out — the shape of second straight line — the 
antenna element which used the end of the side with which a conductor is not combined as the electric power 
supply edge which can apply alternating current power two or more the shape of a straight line of each antenna 
element — so that a conductor may become parallel and a touch-down edge and an electric power supply edge 
may serve as alternation In the discharge device which arranges at equal intervals on the first [ in a vacuum ] 
flat surface, constitutes array antennas, supplies alternating current power to these array antennas, and forms the 
discharge plasma into a vacuum It is characterized [ first ] by for that of a power electric supply edge changing 
1 80 degrees of phases at a time, and supplying electric power in the alternating current power of the same 
frequency all at once in direct order. It is characterized [ second ] by setting this frequency f (Hz) to 10MHz - 
400MHz, and a frequency f and said discharge pressure p (Pa) are used for dielectric constant kappap of the 
1.61x10" 



plasma, 




Skin depth [ of the electromagnetic field which come out, express and invade into the plasma further ] delta (m) 
<J = -2iO/xlO" 1 in[ > /^7] 

The attenuation coefficient alpha which comes out, and is calculated when expressed (1/m) 
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